nesting in species that lay eggs in globular mass could compromise embryonic respiration, but in species that produce foam nests, respiration of embryos is not greatly affected because most oxygen comes directly from the bubbles trapped into the foam mass (Seymour and Loveridge, 1994; Seymour and Bradford, 1995) .
The aim of this study was to test whether P. pustulosus females prefer to nest communally and whether communal nesting offers increased protection against desiccation of eggs and tadpoles under dry conditions.
The study was conducted in Gamboa, Colón Province, Panamá (9 • 12 N, 79 • 42 W, 60 m elevation a.s.l.), between June and August 2004. Sixty amplecting pairs of P. pustulosus were collected in the field and placed in the dark in circular arenas of 53 cm in diameter, containing 2 cm of water, where they spawned. In one arena, only one pair was placed at time. In another circular arena, two or three pairs were placed together to allow the construction of a communal foam nest. After building the nest, the pairs were released in the field where they were collected. Ten replicates were produced for each of the three treatments over 42 nights. The nests were measured to the nearest 0.1 mm. Individual foam nests and communal foam nests were removed from the water soon after they were laid and placed in aluminum trays without water and protected from direct sunshine in the lab. The aluminum trays with the foam nests were weighed with a Pesola ® to the nearest 2 g, every 6 h until the last tadpole died. To check if the tadpoles were alive inside the nests, part of the foam was removed slightly and returned to the original position in order to avoid modifying the foam structure. This procedure was repeated at each 6 h interval. Ten foam nests were weighed for each of the three treatments. The air temperature in the laboratory was measured with a mercury thermometer and remained stable, with a mean (± SD) of 28.5 ± 1.1 • C (measurements taken every 6 h). Such slight variation probably did not interfere in the results of the experiments.
We applied a one-way ANOVA and a posteriori NewmanKeuls test (Zar, 1996) to compare (1) survival time and the water loss every 6 h among the treatments, and (2) the relative weight lost (data were standardized by dividing the initial weight, i.e. of the foam at the beginning of the experi-ment by the 72 h weight, i.e. the moment when all tadpoles of the first individual nest were dead).
Clutches had an average maximum diameter (± SD) of 56 ± 6.4 mm (n = 10; range = 43 to 65 mm) when produced by single pairs, communal nests had an average maximum diameter (± SD) of 83 ± 4.9 mm (n = 10; range = 55 to 89 mm) when produced by two pairs, and of 123 ± 6.4 mm (n = 10; range = 76 to 110 mm) when produced by three pairs. When two or three pairs were put together in the same circular arena, 71% (n = 20) of the pairs built a communal foam nest, suggesting a preference for nesting communally.
The mean survival time (± SD) of tadpoles in individual foam nests was 83.4 ± 10.4 h (n = 10; range = 72 to 96 h), corresponding to 60-66 h after hatching. Survival time in communal nests constructed by two pairs was 97.8 ± 14.4 h (n = 10; range = 78 to 120 h) after the beginning of the experiment, 72-78 h after hatching. This 17% increase was significant (Newman-Keuls: Q = 5.74; P < 0.01). In nests made by three pairs, survival time (± SD) was 119.4 ± 10.4 h (n = 10; range = 102 to 138 h) from the beginning of the experiment, 96 to 102 h after hatching. This 43% increase above nests from single pairs was significant (Newman-Keuls: Q = 9.58; P < 0.01).
The individual foam nests lost, at each 6 h interval, an average (± SD) of 1.2 ± 0.2 g (n = 120; range = 0 to 8 g) while in the communal nests from two pairs this rate was 1.9 ± 1.0 g (n = 130; range = 0 to 9 g) and, in the communal nests from three pairs, it was 2.2±1.5 g (n = 180; range = 0 to 10 g). The water loss of the individual foam nests was significantly smaller that from experienced by two pairs (NewmanKeuls: Q = 4.6; P < 0.01) or three pairs (Newman-Keuls: Q = 6.1; P < 0.01). There was no significant difference in the water loss at each 6 h between the communal nests from two pairs and three pairs (P = 0.273). The relative water loss of the individual foam nests was significantly greater that from two pairs (NewmanKeuls: Q = 8.57; P < 0.01) or three pairs (Newman-Keuls: Q = 5.93; P < 0.01). Hatching time did not differ among the three treatments. In all the trials, tadpoles emerged between 36 and 42 h after the beginning of the experiment. Howard (1980) observed that Rana sylvatica females preferred sites with conspecific nests. According to the same author the presence of egg mass clusters, in some habitats, significantly increases the water temperature around the embryos, which could be an advantage for the development of the larvae. Conversely, Hyla pseudopuma (Crump, 1991) and H. chrysoscellis (Resetarits and Wilbur, 1989) females avoid conspecific spawn during egg deposition. A female that places her nest in puddles without conspecific nests may increase her fitness by preventing future competition among tadpoles for food and space (Crump, 1991) . Additionally, she may avoid decrease of growth rate of her offspring due to high tadpole density (Licht, 1967; Alford and Crump, 1982) . My results suggest that P. pustulosus females prefer nesting communally when the pairs were in the same area. Possibly the cost involved in larval competition is offset by the benefits of reduced mortality due to decrease in desiccation risks. Dillon and Fiano (2000) found that P. pustulosus females preferred to lay their eggs in sites without one-day-old conspecific nest. In that cases the potential competition by older tadpoles for food and space seems more important than the potential benefits of the communal nests of similarlyaged tadpoles in slowing desiccation.
Egg deposition and larval development in small temporary ponds markedly reduces vulnerability of eggs and tadpoles to aquatics predators (Duellman and Trueb, 1986; Höld, 1986; Heyer et al., 1990) . However, the use of those habitats as oviposition sites increases the vulnerability of developmental stages to desiccation. In P. pustulosus nests are frequently found on dry ground, outside dried or drying ponds (pers. obs.). The results of this study show that the foam does protect eggs and tadpoles from desiccation for at least four days af-ter oviposition, and nesting communally can extend this protection even further.
Although the water loss at each 6 h was greater in the communal nests, considering the size of them, the individual foam nests lost more water then the communal. Furthermore, in the communal nests, the survival time was greater than in the individual foam nests. The lower surface area to volume ratio of communal foam nests further enhances the desiccation resistance of the nest, by retaining higher humidity for longer periods. Thus, embryos and tadpoles can survive for several days after the pond dries out. Communal nesting, in species with small foam nests, such as túngaras and other Physalaemus species, may be an important adaptation enhancing survival of these species in savannah, dry forest, and other inauspicious habitats.
